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Efficacy of high‑intensity interval 
training for improving mental 
health and health‑related quality 
of life in women with polycystic 
ovary syndrome
Rhiannon K. Patten 1,7*, Luke C. McIlvenna 1,2, Alba Moreno‑Asso 1,3, Danielle Hiam 1,4,  
Nigel K. Stepto 1, Simon Rosenbaum 5,6 & Alexandra G. Parker 1

Women with PCOS have substantially greater symptoms of depression and anxiety, and a lower 
health‑related quality of life (HRQoL) compared to women without PCOS. The aim of this study 
was to determine if high‑intensity interval training (HIIT) could provide greater improvements in 
mental health outcomes than standard moderate‑intensity continuous training (MICT). Twenty‑nine 
overweight women with PCOS aged 18–45 years were randomly assigned to 12 weeks of either MICT 
(60–75%  HRpeak, N = 15) or HIIT (> 90%  HRpeak, N = 14). Outcome measures included symptoms of 
depression, anxiety and stress (DASS‑21), general HRQoL (SF‑36) and PCOS specific HRQoL (PCOSQ) 
collected at baseline and post‑intervention. Reductions in depression (Δ − 1.7, P = 0.005), anxiety 
(Δ − 3.4, P < 0.001) and stress (Δ − 2.4, P = 0.003) scores were observed in the HIIT group, while MICT 
only resulted in a reduction in stress scores (Δ − 2.9, P = 0.001). Reductions in anxiety scores were 
significantly higher in the HIIT group compared to the MICT group (β = − 2.24, P = 0.020). Both HIIT and 
MICT significantly improved multiple domain scores from the SF‑36 and PCOSQ. This study highlights 
the potential of HIIT for improving mental health and HRQoL in overweight women with PCOS. 
HIIT may be a viable strategy to reduce symptoms of depression and anxiety in women with PCOS, 
however, large‑scale studies are required to confirm these findings.

Trial registration number: ACTRN12615000242527.

Polycystic ovary syndrome (PCOS) is the most common endocrine condition, affecting 8–13% of reproduc-
tive aged  women1,2. PCOS is characterised by hyperandrogenism, menstrual irregularities and polycystic ovary 
morphology, with a combination of at least two of the three required for  diagnosis3. PCOS is underpinned by 
reproductive and metabolic abnormalities, resulting in an increased risk of comorbidities including obesity, 
insulin resistance, type 2 diabetes and  infertility4–6. PCOS is also recognised to be associated with diminished 
mental health and health-related quality of life (HRQoL)7,8. Women with PCOS are three times more likely to 
experience moderate to severe symptoms of depression and five times more likely to experience severe symptoms 
of anxiety compared to women without  PCOS9. Obesity is also highly prevalent in women with PCOS, and is 
known to be associated with depression in both healthy  women10,11 and in women with  PCOS12,13, however, the 
exact mechanisms behind this association is unclear. Evidence suggests that there are biological, behavioural 
and psychological  links14, with being female and poor physical health being considered risk factors for comorbid 
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depression and  obesity15,16. It is postulated that the symptoms and comorbidities of PCOS may contribute to 
poorer mental health and reduced  HRQoL17,18.

Exercise is recommended for women with PCOS to improve general health, HRQoL and to maintain or 
achieve a healthy  weight19. Exercise participation has been associated with lower scores of depression in both 
women with and without  PCOS20. In line with the Australian physical activity guidelines, the International 
evidence-based guidelines for the assessment and management of PCOS recommend a minimum of 150 min 
per week of moderate intensity physical activity or 75 min per week or vigorous intensity  exercise19. Exercise is 
well established as a therapeutic tool to improve metabolic and reproductive health outcomes in women with 
 PCOS21,22, however, the impact on mental health and HRQoL is less  clear23,24. In populations with other chronic 
conditions, exercise is known to be an effective tool for promoting positive mental  health25,26. Existing research 
into the effect of exercise on mental health and HRQoL in women with PCOS suggests that exercise interven-
tions may promote improvements in these  outcomes23,27,28, however, large heterogeneity between studies makes 
it difficult to draw conclusions regarding the exercise requirements to promote mental health benefits.

Regular exercise is associated with improving specific mental health symptoms including  depression29 and 
 anxiety30. This relationship has also been observed in women with  PCOS31. A minimum of 20 min of exercise 
per week has been reported to reduce the odds of psychological distress in both males and females without 
 PCOS32, with a greater volume or intensity of exercise associated with an even greater risk  reduction32. High-
intensity interval training (HIIT) has received considerable attention over the past two decades due to its time 
efficiency and potent training  stimulus33. HIIT involves alternating short bouts of high-intensity exercise with 
periods of rest or light  exercise34. HIIT has been found to result in greater improvements in cardio-metabolic 
health outcomes in comparison to moderate-intensity continuous training (MICT) among healthy populations, 
and in those with chronic  conditions33,34. In women with PCOS, HIIT has also been found to improve cardio-
metabolic and reproductive health outcomes, resulting in a reduction in the severity of PCOS  symptoms35–37. 
Despite the growing body of evidence supporting the physiological benefits of HIIT, there is little information 
regarding its effect on mental health and HRQoL. Limited evidence suggests that HIIT can improve HRQoL and 
symptoms of anxiety and depression among the general population and those with chronic  conditions34,38,39. It 
could be postulated that HIIT may provide greater improvements in mental health and HRQoL in women with 
PCOS compared to MICT due to its large impact on reducing the severity of symptoms associated with PCOS. 
Therefore, the aim of this study was to determine the efficacy of HIIT in comparison to MICT for improving 
mental health and HRQoL in women with PCOS. The outcomes included change in depression, anxiety, stress 
and HRQoL scores.

Methods
Study design. This study is a secondary analysis of a two-arm randomised clinical trial that was conducted 
at Victoria University in Melbourne, Australia, from June 2016 to October  201937. The study was approved by the 
Victoria University Human Research Ethics Committee (15–298), which complied with the statement of ethi-
cal principles for medical research outlined in the Declaration of Helsinki. The trial was prospectively registered 
with the Australian New Zealand Clinical Trials Registry (ACTRN12615000242527). All women provided writ-
ten informed consent prior to participation.

Participants. Women were recruited through community and social media advertisements. Inclusion crite-
ria were women aged 18–45 (pre-menopausal), with a BMI between 25 and 50 kg/m2, insufficiently active for a 
minimum of 6 months prior to the intervention (did not meet the minimum physical activity recommendations 
of 150 min/week of moderate intensity or 75 min/week of vigorous intensity exercise)40, and with diagnosed 
PCOS. PCOS was diagnosed according to the Rotterdam  Criteria3, and confirmed by an endocrinologist. The 
Rotterdam criteria required confirmation of two of the following: (i) oligo- or anovulation; (ii) clinical (hir-
sutism and/or biochemical hyperandrogenism; (iii) polycystic ovaries on ultrasound and the exclusion of other 
causes of hyperandrogenism. Exclusion criteria included diabetes, pregnancy, smoking, illness or injury that 
prevented or limited exercise performance and existing participation in regular physical activity. Those taking 
anti-hypertensive, insulin sensitising or hormonal contraceptive medications were excluded. Anti-depressants, 
anti-anxiety or similar medications were not an exclusion criteria for this study. Participants taking these medi-
cations for a minimum of three months prior to beginning the study were included and asked to maintain their 
usual dose throughout the intervention.

Study protocol. Following the completion of baseline testing, participants were randomised to one of two 
interventions: 12-week HIIT or MICT intervention. Randomisation was completed by an independent biostat-
istician by a simple randomisation procedure using computerised sequence generation at an allocation ratio of 
1:1. To ensure equal proportions of body mass index (BMI) in each arm, randomisation was stratified according 
to BMI brackets (< 35 kg/m2 or > 35 kg/m2). Participants were asked to maintain their usual diet throughout the 
duration of the intervention and 3-day food diaries were used to capture this information.

Mental health and health‑related quality of life measures. The Depression Anxiety Stress Scales 
(DASS-21) is a self-report measure which is well-established, reliable and valid instrument for measuring 
depression, anxiety and  stress41. The questionnaire consists of 21 questions, with 7 items per domain. The sever-
ity of symptoms is scored on a scale 4-point Likert scale. The total score for each category is added together. 
Higher scores denote more severe symptoms.

Health-related quality of life was assessed using the generic SF-36 (36-item Short-Form Health Survey). This 
measure is well-validated, including in women with  PCOS42. It consists of 8 health domains: physical functioning 
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(10 questions), role limitations due to physical health problems (4 questions), role limitations due to emotional 
problems (3 questions), emotional well-being (5 questions), social functioning (2 questions), bodily pain (2 
questions), energy/fatigue (4 questions), and general health perceptions (5 questions). Scoring was calculated 
according to the RAND  procedure43 where each item is scored between 0 and 100. Scores are then averaged for 
each of the 8 domains. A higher score indicates a more favourable health state.

Health-related quality of life associated with PCOS symptom distress was measured using a validated self-
administered questionnaire (PCOSQ)44,45. The PCOSQ consists of 26 questions with 5 domains each relating 
to a common symptom of PCOS; emotions (7 questions), menstrual problems (4 questions), infertility (5 ques-
tions), weight (5 questions) and body hair (5 questions). Questions are scored on a 7-point Likert scale in which 
1 represents poorest function and 7 represents optimal function. For each domain, scores are added together 
and then divided by the number of questions to reach the domain score. Lower scores indicate greater PCOS 
symptom distress. A change of 0.5 is considered clinically  relevant44.

Anthropometric measurements. Participants were weighed without shoes and lightly clothed (Proscale 
Inductive Series I, Accurate Technology Inc. USA). Height was measured without shoes using a calibrated sta-
diometer (Proscale Inductive Series I, Accurate Technology Inc., USA). Body mass index (BMI) was calculated 
as weight[kg]/height squared[m]. Additional body composition measures were collected and reported in Patten 
et al.37.

Aerobic capacity. Aerobic capacity was assessed at baseline and following the 12 week intervention using 
an incremental maximal graded exercise test conducted on an electronically-braked cycle ergometer (Lode 
Excalibur v2.0, The Netherlands) to measure peak oxygen uptake  (VO2peak). The initial three stages of the test 
consisted of three 3 min stages of cycling at 25, 50 and 75 watts, respectively, followed by increases of 25 watts 
each minute thereafter until volitional exhaustion. Breath-by-breath expired respiratory gases were collected and 
analysed (Quark Cardio-Pulmonary Exercise Testing, Cosmed, Italy) and relative  VO2peak was calculated as pre-
viously  described37. Peak heart rate  (HRpeak) was also recorded (Polar H10, Polar Electro OY, Kempele, Finland) 
in order to determine exercise training intensities. The initial exercise test included electrocardiogram (ECG) to 
screen for cardiovascular risk.

Insulin sensitivity. Insulin sensitivity was assessed using the euglycaemic-hyperinsulinaemic clamp 
described in Patten et al.37. In brief, a bolus of insulin of 9 mU/kg was infused, followed by a constant insulin 
infusion rate of 40 mU/min/m2 with glucose (20%) infused at a variable rate to meet the target blood glucose 
of 5 mmol/L. The euglycaemic-hyperinsulinaemic clamp was run for at least 120 min or until steady state of 
5 mmol/L was achieved. Insulin sensitivity index (ISI) was calculated using the following formula: (glucose infu-
sion rate (mg/lean body mass [kg]/min)/steady state insulin) × 100.

Exercise interventions. Interventions were designed to match the minimum exercise recommendations 
for the moderate and vigorous exercise according to the International evidence-based guidelines for the assess-
ment and management of  PCOS19 and were matched for training volume (metabolic equivalent task [MET] 
minutes/week)46. In brief, women in both groups progressed from 312 MET minutes per week in week 1, to 530 
MET minutes per week by week 4 (Supplementary Fig. 1). Participants in both groups attended three weekly 
sessions for 12 weeks. All sessions were conducted on an electronically braked cycle ergometer (Excalibur, V2.0; 
Lode, Groningen, the Netherlands) under the supervision of an accredited exercise physiologist. For both inter-
ventions, sessions were preceded by a 5 min warm-up at a moderate intensity and ended with a 5 min cool down. 
Adherence to exercise training was calculated as the number of sessions attended divided by the total number 
of scheduled sessions, reported as a percentage. Heart rate monitors (Polar H10, Polar Electro OY, Kempele, 
Finland) were used in all sessions and target heart rates were achieved by altering the load on the bike according 
to individual fitness.

HIIT intervention. The HIIT intervention included three sessions per week: two sessions of 12 × 1  min 
intervals at 90–100%HRpeak(~ 10 METs), interspersed with 1 min of active recovery at a light load; and one ses-
sion of 8 × 4 min intervals at 90–95%HRpeak (~ 8 METs), interspersed with a 2 min light load, active recovery. 
Recovery periods were light intensity, corresponding to 7–11 on a rating of perceived exertion (RPE) scale.

MICT intervention. The MICT intervention consisted of three weekly sessions of 45 min of continuous 
moderate-intensity cycling at 60–75%HRpeak.

Statistical analysis. All data was analysed using R studio version 4.0.2 and conducted on an intention-to-
treat basis, which included all randomly assigned participants. Linear mixed models were used to determine 
the effect of exercise intensity (group) over time and to determine the interaction between timepoint and group 
(between-group differences). To examine the within group changes, we calculated the estimated marginal means 
from the linear mixed models. The unique participant codes were used as a random effect to account for repeated 
measures. All models were adjusted for age. Simple linear regressions were used to determine the association 
between  VO2peak, insulin sensitivity or body composition, and mental health or HRQoL outcomes using the 
pooled data from all participants. Data are presented as mean ± SD and median and percentiles for boxplots. 
P values were deemed statistically significant when < 0.05. The following packages were used in our analysis; 
lme447, lmerTest48 and tidyverse49. The estimation of sample size was based on the primary outcome of  VO2peak, 
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based on this, we aimed to recruit 30  participants37. As this was a secondary analysis, power calculations were 
not done for the outcome measures reported in this study.

Results
Of the 83 women that were assessed for eligibility, 29 women declined to participate and 25 were ineligible 
(with use of hormonal contraceptives being the most common reason for exclusion). Twenty-nine participants 
completed the baseline assessments (HIIT = 15, MICT = 14), of whom 24 completed the 12-week intervention 
(HIIT = 13, MICT = 11). Two participants withdrew during the MICT intervention due to changes in their work 
schedule and one withdrew due to moving interstate. One participant withdrew from the HIIT intervention 
due to an injury sustained at work and another became pregnant (Fig. 1). There were no significant differences 
in study outcomes at baseline between participants who dropped out and those that completed the study. Two 
participants in both the HIIT and MICT group were taking anti-depressants throughout the intervention. The 
inclusion of these participants did not significantly alter the results and they were therefore included in all 
analyses. A breakdown of PCOS phenotypes is presented in Supplementary Table 1. There were no significant 
differences in dietary intake from baseline to post-intervention in either group. Exercise intervention adherence 
was similar across the two groups with an average adherence of 93.9 ± 3.0% in the HIIT group and 92.0 ± 4.8% 
in the MICT group (P > 0.05). No adverse events occurred during the study period.

Mental health outcomes. The HIIT intervention reduced scores for depression (Δ − 1.7, P = 0.005), anxi-
ety (Δ − 3.4, P < 0.001) and stress (Δ − 2.4, P = 0.003; Table 1), while the MICT intervention only reduced stress 
scores (Δ − 2.9, P = 0.001; Fig. 2). There was a significant interaction between the two groups for anxiety scores, 
whereby HIIT resulted in greater improvements compared to MICT (β = − 2.24, P = 0.020; Fig. 2), but not for 
depression or stress scores (Table 1).

PCOS specific HRQoL. The HIIT intervention improved scores in 3 of the 5 domains of the PCOSQ; 
emotions (Δ 0.8, P = 0.023), weight (Δ 0.6, P < 0.001) and menstrual problems (Δ 0.9, P = 0.017; Table 1). The 
MICT intervention resulted in an improvement in the emotions (Δ 0.8, P = 0.040) and weight (Δ 0.5, P = 0.042) 
domains. There were no significant group by time interactions between the HIIT and MICT groups for any 
domain (Table 1).

Enrollment

Allocation

Assessed for eligibility (N = 83)

Excluded (N = 54)
- Ineligible (N = 25)
- Declined participation (N = 29)

Randomised (N = 29)

HIIT

Allocated to HIIT (N = 15) Allocated to MICT (N = 14)

MICT

Analysis

Post-intervention

Analysed (N = 15)

Lost to follow-up (N = 2)
- Injury sustained at work (N = 1)
- Pregnancy (N = 1)

Analysed (N = 14)

Lost to follow-up (N = 3)
- Work commitments (N = 2)
- Moved interstate (N = 1)

Figure 1.  CONSORT trial flow diagram.
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Table 1.  Mental health and health-related quality of life outcomes at baseline and post-intervention. 
Significant values are in bold. Data are mean ± SD. BMI body mass index, DASS-21 depression, anxiety and 
stress scale—21 items, HIIT high-intensity interval training, ISI insulin sensitivity index, MICT moderate-
intensity continuous training, PCOSQ polycystic ovary syndrome questionnaire, SF-36 short-form survey—36 
items, VO2peak peak oxygen consumption, WHR waist to hip ratio.

Outcome measure

HIIT MICT

P (time × group)
Baseline
N = 15

Post
N = 13 P

Baseline
N = 14

Post
N = 11 P

Age 29.7 ± 4.8 32.5 ± 6.2

Weight (kg) 97.4 ± 19.2 97.3 ± 19.1 0.593 102.4 ± 28.9 99.8 ± 28.0 0.291 0.257

BMI 35.5 ± 6.8 35.6 ± 7.0 0.632 38.4 ± 9.3 37.3 ± 9.8 0.256 0.248

VO2peak 24.8 ± 5.7 30.8 ± 6.7 < 0.001 22.3 ± 3.2 26.1 ± 4.1 < 0.001 0.017

ISI (µIU/mL) 108.7 ± 47.5 101.2 ± 29.2 0.226 120.1 ± 28.4 125.6 ± 31.1 0.475 0.202

WHR 0.8 ± 0.1 0.8 ± 0.1 0.841 0.9 ± 0.1 0.8 ± 0.1 0.008 0.059

Fat mass (kg) 43.6 ± 14.3 42.5 ± 12.8 0.249 49.3 ± 20.6 50.3 ± 18.9 0.322 0.135

Lean mass (kg) 46.3 ± 4.1 47.0 ± 4.1 0.110 46.1 ± 7.2 46.8 ± 6.8 0.112 0.997

DASS-21

 Depression score 5.5 ± 3.6 3.5 ± 2.9 0.005 6.1 ± 5.4 3.7 ± 3.6 0.070 0.479

 Anxiety score 6.5 ± 4.6 3.2 ± 4.1 < 0.001 5.0 ± 3.8 3.0 ± 2.4 0.098 0.020

 Stress score 8.2 ± 4.5 5.7 ± 4.2 0.003 8.1 ± 4.8 4.8 ± 3.9 0.001 0.641

PCOSQ

 Emotions 4.0 ± 1.3 4.8 ± 1.0 0.023 4.0 ± 1.1 4.8 ± 0.8 0.040 0.972

 Body hair 3.0 ± 1.3 3.5 ± 1.7 0.252 3.8 ± 1.7 4.6 ± 1.6 0.066 0.535

 Weight 2.0 ± 1.0 2.7 ± 1.2 < 0.001 2.0 ± 1.0 2.5 ± 0.9 0.042 0.230

 Infertility 4.7 ± 1.5 5.0 ± 1.8 0.088 4.5 ± 1.7 4.7 ± 1.9 0.261 0.725

 Menstrual problems 3.8 ± 1.2 4.8 ± 1.2 0.017 3.6 ± 1.3 4.1 ± 1.3 0.154 0.511

SF-36

 Physical functioning 79.7 ± 19.2 88.5 ± 18.4 0.022 74.6 ± 20.3 85.9 ± 17.7 0.076 0.766

 Role physical 86.7 ± 22.9 94.2 ± 15.0 0.299 87.5 ± 21.4 95.5 ± 10.1 0.296 0.951

 Role emotional 51.1 ± 37.5 71.8 ± 32.9 0.016 59.5 ± 37.4 87.9 ± 22.5 0.038 0.882

 Energy 39.6 ± 16.2 53.1 ± 17.7 0.008 38.9 ± 18.4 45.9 ± 19.5 0.333 0.230

 Emotions 62.7 ± 12.9 67.4 ± 14.7 0.095 62.9 ± 18.7 69.1 ± 20.1 0.626 0.422

 Social 72.5 ± 23.2 75.0 ± 24.5 0.678 67.0 ± 31.6 78.4 ± 30.2 0.330 0.658

 Pain 71.3 ± 20.1 79.2 ± 21.2 0.074 73.2 ± 16.7 79.8 ± 12.2 0.304 0.623

 General health 42.7 ± 17.6 54.6 ± 19.2 < 0.001 49.3 ± 21.1 61.8 ± 19.3 0.044 0.166

Figure 2.  Effect of exercise intensity on depression (A), anxiety (B) and stress (C) scores. Baseline and post-
intervention scores, stratified by group and using boxplots showing the median (central line) and 25th to 75th 
quartiles (box). *Indicates a significant within-group difference P < 0.05, and #indicates a significant between-
group difference P < 0.05.
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General HRQoL. The HIIT intervention improved physical functioning (Δ 8.8, P = 0.022), role emotional 
(Δ 20.7, P = 0.016), energy (Δ 13.4, P = 0.008) and general health (Δ 11.9, P < 0.001) domains of the SF-36, while 
the MICT group improved role emotional (Δ 28.4, P = 0.038) and general health (Δ 12.5, P = 0.044) domain 
scores (Table 1). There were no significant between group differences for any domains of the SF-36 (Table 1).

Associations between physiological and psychological outcomes. At baseline, there were signifi-
cant inverse associations between  VO2peak and depression  (R2 = 0.15, P = 0.005), anxiety  (R2 = 0.19, P = 0.001) and 
stress  (R2 = 0.10, P = 0.022). BMI was associated with depression  (R2 = 0.12, P = 0.011) and anxiety  (R2 = 0.12, 
P = 0.011), but not stress (P = 0.054), and insulin sensitivity was not associated with depression, anxiety or stress 
(P > 0.05). Regardless of the exercise intervention, there were no significant associations between improvements 
in  VO2peak and changes in depression, anxiety or stress scores (P > 0.05). Nor were there significant associations 
between changes in BMI, weight, WHR or fat mass and depression, stress or anxiety. Interestingly, changes in 
lean mass was associated with a change in depression  (R2 = 0.23, P = 0.025), but not stress or anxiety (P > 0.05). 
When analysing the groups separately, this association remained significant for the MICT group  (R2 = 0.40, 
P = 0.036), but not the HIIT group  (R2 = 0.16, P = 0.224). There were no significant associations between changes 
in body composition and changes in the weight, emotion or menstrual problem domains of the PCOSQ.

Discussion
This study demonstrates that participation in a supervised 12-week HIIT intervention leads to a reduction in 
depression, anxiety and stress scores in overweight women with PCOS, with MICT also significantly improving 
stress scores. Both HIIT and MICT resulted in improvements in multiple domains of both general and PCOS 
specific HRQoL.

It is well-established that women with PCOS display a higher prevalence of anxiety and depression disorders 
compared to women without  PCOS7. Although exercise is an effective means for managing mental health con-
cerns in a general  population50, this relationship has been relatively understudied in women with PCOS. Existing 
research reports a combination of positive and null findings, with approximately half of existing studies reporting 
significant improvements in symptoms of anxiety and/or  depression23,24. To the best of our knowledge, this is the 
first study to compare work-matched HIIT and MICT exercise interventions on mental health and HRQoL in 
women with PCOS. We report that significant improvements in depression, anxiety and stress scores as a result 
of HIIT, while in response to MICT significant improvements were only observed in stress scores. These find-
ings are in contrast to a recent 16-week time-matched training intervention where participants from both the 
continuous and intermittent aerobic training groups reported improvements in depression and  anxiety51. The 
difference in our findings could be due to the fact that their intervention was 4 weeks longer in duration or the 
higher intensity performed in their continuous group compared to our MICT group (65–80%HRmax vs 60–75% 
 HRpeak). Other successful interventions for improving symptoms of depression and anxiety have used multi-
component interventions that have included either  diet52,  medication53 or cognitive behavioural  therapy54 in 
addition to exercise. The large variation in the interventions implemented in prior studies makes it difficult to 
adequately assess the impact of exercise intensity alone on symptoms of depression and anxiety, however, our 
current findings suggest that HIIT may be a promising therapy for improving mental health in women with 
PCOS. Further research with larger sample sizes and long-term follow-ups are required to determine the optimal 
intensity, frequency, type and duration of exercise.

Exercise intensity can elicit different neural responses and may influence the effect on depressive symp-
toms, however, the exact mechanisms are  unclear55. Furthermore, it has been suggested that exercise at an 
individual’s preferred intensity results in greater improvements in mental health outcomes and attrition rates. 
A study conducted in women with depression reported significantly lower depression scores after 12 sessions 
of exercise at their preferred intensity compared to prescribed  intensity56. We previously reported significantly 
greater enjoyment and affect in the HIIT group compared to the MICT group which may have contributed to 
the significant reduction in depression observed  here57. Improvements in fitness have been associated with 
reductions in symptom severity in individuals with  depression58, and therefore, it could be hypothesised that the 
greater improvements in depression scores may have been due to the larger improvements in fitness observed in 
the HIIT group. However, our findings did not support this hypothesis, and we did not observe an association 
between improvements in fitness and changes in mental health and HRQoL outcomes. In the general popula-
tion, metabolic risk factors, primarily obesity, are known to be correlated with depression, with weight loss being 
associated with reduced depression  score59. Our intervention did not significantly change weight, and we did 
not report an association between changes in depression scores and weight. Interestingly, in women with PCOS, 
insulin resistance has previously been associated with a 2.3-fold increased odds of  depression60, however, we did 
not observe this association at baseline, or using the delta changes. We acknowledge that our small sample size 
may have led to the lack of physiological associations.

Women with PCOS display reductions in HRQoL compared to women without  PCOS42. Unique chal-
lenges with poor body image and dissatisfaction, low self-esteem, fertility, acne, hirsutism and long-term health 
concerns have been shown to compromise HRQoL in women with  PCOS61,62. In response to HIIT, we report 
significant improvements in the emotions and menstrual problems domains of the PCOSQ and significant 
improvement in the weight domain as a result of both interventions. This is a surprising result as neither group 
resulted in significant improvements in body weight or BMI, nor were there significant correlations between 
changes in body composition and changes in weight, emotions or menstrual problem domains. Similar results 
have been reported by previous studies that utilised a lifestyle modification intervention which also included 
 diet63,64, however, the majority of studies that reported change in the weight domain of the PCOSQ also reported 
significant weight  loss52,53,65. Weight loss has also been assumed to be a significant contributor to improvements 
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in distress caused by PCOS symptoms. Our findings indicate that exercise, in the absence of weight loss, can 
improve this distress. We have previously shown that HIIT results in greater improvements in aerobic capacity, 
insulin sensitivity, menstrual regulation and hormonal profiles compared to  MICT37 and these improvements 
may play a role in the reduced distress observed. Thus, given the high rates of mental health disorders, the distress 
caused by symptoms and the high-risk of developing cardio-metabolic conditions amongst women with PCOS, 
our results suggest that HIIT may be a considered as an effective intervention for improving both physiological 
and psychological outcomes in these women. Therefore, HIIT holds promise as a time effective and efficacious 
intervention for both physiological and psychological outcomes.

Strengths of this study include the randomised design and the work-matched interventions. We would like to 
acknowledge there are some limitations to this study. As this study is a secondary analysis, it was not designed 
to be powered to detect significant changes between groups in mental health and HRQoL outcomes. Future 
exercise interventions comparing exercise intensities that have been designed to detect changes in mental health 
outcomes are required to confirm these findings. It could also be considered a limitation that we did not include 
a non-exercise control group, however, we would like to highlight the numerous robust studies that have shown 
that exercise, compared to an inactive control group, improves the symptoms of PCOS, and therefore the aim 
of this study was to compare the two exercise intensities. We recommend that future studies also include a 
follow-up period to determine whether HIIT is sustainable post-intervention and to determine whether the 
improvements observed here are maintained long-term. Lastly, as many women were ineligible due to use of 
hormonal contraceptives, it is important that future studies examine the impact of HIIT in all women with PCOS 
regardless of medication use.

In conclusion, we found improvements in depression, anxiety and stress scores after HIIT, and reduced stress 
scores after MICT. Both exercise interventions resulted in improvements in multiple domain scores of HRQoL 
suggesting that exercise intensity may be less important for improving HRQoL. Although evidence from this 
study highlights the potential of HIIT for improving symptoms of mental health, further investigation into the 
benefits of HIIT compared to MICT for improving mental health and HRQoL outcomes in women with PCOS 
is warranted.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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